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I 
Th.l .inyention relates to an optical .objective, 
more. especially for photographtc .purposes, cor- 
mected for spherical, and chromatic aberrations, 
coma, astigmatism, fleld curvature and distortion, 
and comprising soE slmple.rcomponents, three on  
either side of a diaphragm, the inner and outer 
components beinrconvergent whilst themiddie 
comportent in each hall is divergent, the 0uter 
surfaces, of the four convergent componenta and 
the lnner surfaoes of the divergent components 
and of the convergent inner components ail being 
concave to the dlaphram,  
The invention bas for ita. objéct to provide, a 
we11-corrected objective of this type having a high 
relative aperture and wide covering poWer and 
aiso having lml0ved correctionfor zona! spheri- 
cal aberration nd oblique spherica| oeberration. 
The invention lias the further advantage that it 
makes it possible, to bave diameters ]arger than 
are needëd for the axial beam alone in order to 
avoid thê Vignetting which would otherwise be 
objectionable With the.wide angular fleld coveed. 
In the objective acoding to the present inven- 
tion, the sure of the equivalent, focal length, of. 
the twc convergent inner components lies between 
1.8F and-. 2.6F, where F is the equiva!ent focal 
length of the whol objective, and the a.rlthmetic 
mean between the positive Vlues+ of he radii of 
cttrvature of tl._, oute surfaces of .such lnner 
components -liea between . and 
The rittunetic. mem» of/the-SXial :distances be- 
tween-theîouter surface of+. thee0tie,gent+ outer, 
components an¢t. thé trm. surfaces. 
cent dlveren component  preferabl Iiebe - 
tween .08F and..lçF. The arithmeti mean of 
the aXiaI air separticns bëtween the divergent 
components and he converent inner component 
and te arithmetic mean of. the axiaI air sepa- 
rations between the divergent components and 
the convergent outer components preferablF each 40 
lie between .01F and .IF. "+  " +. 
The arithmetic mean of the positive values of- 
the radii of ctue of the innersurfaces, of the 
divergent comp0nexïts preferably lies between .llF 
and .25F. The outer surfaces of the divergent 
components are also preferably.concave towards 
the diaphragm, the radii of Cïrvture ofsuch 
surfaces.respectively lying between F/3 and 
the "front hall and between F/2 and= in the 
rear half of, the objective. 0 
The arithmetic mêan of the positive values of: 
the radii of curvature of @te outer surfaces of 
the convergent outer compoènts preferably lies 
between .18F and .3F. ,The inner, surfaces of 
such ou-ter components are also prefeably con- 
cave towárds the diaphragm, the radil of/curv, a- 
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ture of such surfaces respective]y lying between 
F/3 and 5F in the front hall and bëtwéen F/2ànd 
 in the rear hall of the objective. 
It Sli0uld be made clear that the terma "front" 
and "rear" are used herein in accordance with 
the uual convention to indicate the sides of th 
objective respectively nearer co and further from 
the longer conJugate. 
When the obJective la to be corrected to cover 
10 a semi-angular fleld greater than 30 degrees, the 
mean refractive indices Nx N3 N N of the mate- 
riais of the four convergent comp0nents prefer- 
ably bear such relationship+ to thë mean refrac- 
tire indices N N5 of the materals of the two 
1 .divergent components that" .. " 
(N-}-N5)/2+.06) 
(N-}-N-}-N-}-N«)/4) (N-}-Ns)/2--.04  
The accompanying drawing fllustrates, a. pre- 
20 ferred practical, example of .objective according 
.  to the invention and nUmerical data for thia ex- 
ample.are given in the following table, in which 
Rr R . . . represent the radfl of curvature of the 
individuai surfaces of the objective, the positive 
25 sign indicating that the surface is convex to the 
front and the negative sign that it is concave 
thereto, D. D. ... represent the axial thick- 
neases Of the varlous element and S S... 
' represent, the axial air sepa,rati0na between the 
10 omponents. The 'tableals0 givës.the mean re- 
. .fractive indices » for the Iline and the Abbé V 
numbers of tlie materials of tle variouselements. 

Equivalent focal length 1.000.. Relative 
Aperture F/4_0 

Thickness or 
Radiu 
tion 
R 
R =+. 5507 
S. 035 
R s=÷.5000 
R s.'7 
R --. 10 
Ds=. O 
S. O 
R. -. 91 
R.   D,. 0 

Rcfractivo 
llqdëx+n) 
1. 570 
1. 613 
1.8 
L 6132 
1.670 

Abb 
lTum- 
ber 
50.8 
35.7 
59. 3 
.53.3 
36.9 
80.8 



In this example, whlch ls corrected to cover 
a wide angular fleld of semi-angle 35 degrees, the 
diaphragm is located approximtely midway be- 
tween the surfaces R« and RT. Ai1 six compo 
nents are of meniscus form with their surfaces 
concave to the diaphragm. 
The equlvalent focal length of the convergent 
front lnner component is 1.119F and that Of the 
rear lnner component is 1.160F, so that the sure 
of these focal lengths is 2.279F. The arlthmetic 
mean of the positive values of the radii R. and 
Rs is .3483. 
The axial distances between the surfaceSRi 
and 1 and between the surfaces R and R12' are 
respectively .125F and .ll0F, so that their arith- 
metic mean is .llTF. The arithmetic mean of the 
two outer air spaces Sx and S» is .032F and that 
of the air spaces $2 and $4 ls .025F. 
The arithmetic mean of the positive values of 
the radii R4 and R ls .1836F, and that of the 
radii R1 and R:2 is .2420F. 
The arithmetic mean of the mean refractive 
indices of the materials of the four convergent 
components, ls 1,.6343 and exceeds that for the 
two divergent components, namely 1.6195, 
.0148. 
The invention makes It possible to have diam 
eters for the various components larger than is 
required for the axtal beam alone, and such larger 
diameters are very valuable in facilitating cor- 
rection for oblique aberrations and contribute 
towards the wide angular fleld which can be 
covered by objectives according to the invention. 
Thus, in the example given above, the effective 
diameters of the individual surfaces may conçen-. 
iently be .36F for R and P, .3 for R3, .2F for 
the chamfer of R4, .24F for 1, .19F for the cham- 
fers of R and RT, .24F for Rs, .18F for the.cham- 
fer of I, .29F for R:o, and .33F for R:I and R12 
The insertion of equals () signs in the radius 
column of the table, in company with plus (÷) 
and minus (--) signs which indicate whether the 
surface is convex or concave to the front, is for 
conformity with the patent office custom, and 
It ls to be understood that these signs are not. 
to be interpreted wholly in their mathematical 
signiflcance. This sign convention agrees with 
the mathematical sign convention...requlred, for 
the computation of some of the aberratious ln- 
cluding the primary aberrations, but different 
mathematical sign conventions are requlred for 
other purposes including computation of some of 
the secondary aberrations, so that a radius in- 
dicated for example as positivein'tlie tables may 
bave to be treated as negative for some calcula- 
tions as is well und.erstood...tn, the art. 
What I claire as my inVehtion and lCire to 
secure by Letters Patent ls: 
1. An optical objective corrected for spherical 
and chromatic aberrations, coma, astgmatism, 
fleld curvature and distortion, and comprlsing six 
simple components axially alined and air spaced 
apart, a diaphragm approximately in the middle 
of the objective having three of such components 
on either side thereof, the two outermost and 
the two innerm0st of such components being con- 
vergent whilst the other two are divergent, the 
outer surfaces of the outer components and the 
inner surfaces of the divergent components and 
the surfaces, of the inner components all being 
concave twards the diaphragm, the sure of-the 
equivalent focal lengths of the two convergent 
lnner components lying between 1.SF. and 2.6F 
where IV is the equlvalent focal length of the 
whcle objective, the arithmetic mean between the 
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positive values 9f the radii of curvature of the 
outer surfaces of such lnner components lying 
between .22F and 
.. 2. An optical objective as clalmed in claire 1, 
5 in wSich the arithmetic mean of the axtal dis- 
tances between the outer surfaces of the con- 
vergent outer components and the lnner sur- 
faces of the adjacent divergent components lies 
between .08F and .1TF. 
10 3. An optical objective as claimed in claire 2 
in which the arithmetic mean of the axial air 
separations between the divergent components 
and the convergent inner components and the 
arithmeti mean of- the axial air separations be- 
l6 tween .the divergent components and the con- 
.- vergent outer components each lie between .01F 
and 1.1F.. 
4. An optical objective as claimed in claire 
in which the arithmetic mean of the axial air 
50 seprations between the divergent components 
and the cnvergent lnner components and the 
arithmetic mean of the axil air separatl0us be- 
tween the divergent components and the con- 
 , vergent outer components each lie between .01F 
25 and .1F. 
5. An 0t:al objective as claimed in claire 1, 
in which the arithmetic mean of the positive 
values of the radit of curvature of the lnner sur- 
.. faces of the divergent components lies between 
30 .llF and 25F. 
6. An optical objective as claiined in claire 1, 
in Which the outer surfaces of the divergent com- 
ponents are concave towards the diaphragm, the 
radii of curvature of such surfaces respectively 
35 lying .between F/3 and 5F in the front hall and 
between F/2 and o in the rear hall of the objec- 
tive. " 
7. An optical objective as claimed in claim 1, . 
 " in which the outer surfaces of the divergent cbn. 
40 ponents are concave towads the diaphragm, the 
radii of curvature of such surfaces reslectively" 
lying between :IV/3 and 5F in the front hall and 
between F/2 and o in the ear hlf Of the objec- 
tive, the rithmetic mean. Of the positive values 
45 of the radti of curvature of the inner surfaces of 
the divergent components lying between .llF and 
.25F. 
 8. An ptial Objective as claimed in claire 1, 
in which the arithmetic mean of the lositive 
50 values of the adiiof Curvature of the two outer- 
most surfaces of the objective lies between 
and 
9. An optical objective as claimed in claire 1, 
in which the inner surfaces of the outer compo- 
65 nents are concave towards the diaphragm and 
their radii of curvature lie respectively between 
F/3 and 51  in the front hall and betwecn 
and o in therear hall. 
10. An.optical objective as claimed in claim 1, 
60 in which the inner surfaces of the outer compo- 
nents are concave towards the diaphragm and 
thetr radii of .curvature lie respectively between 
P/3 and 5F in the front hall and betwecn IV/2 
. and  in the rear hall, the'arithmetic mean of 
65 the positive values of the radii of curvature of 
the two outermost stfrfaces of the objective lying 
between .lSP and..31 . 
11. An optical objective as claimed in claire 1, 
in which the arithmetic mean of the posttiv.e 
70 values of tlï radii of curvature of the inner sur- 
faces of the divergent components lies betwecn 
.llF and .25F, and that of the outer surfaces of. 
the convergent outer components lies bet.ween. 
.18F and 
75 12. An optical objective as claimed n claim 
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in which the outer surfaces of the divergent com- 
ponents a,d the lnner surfaces of the convergent 
outer co.mponents are concave towards the dia- 
phragm, the radii of curvature of such surfaces 
lylng between 1/3 and 51 in the front half and 
between 1/2 and  in the rear half of the objec- 
tive. 
13. An optical objective, corrected for spheri- 
cal and chromatic aberrations, coma, astigma- 
tism, field curvature and distortion, to cover a 
semi-angular field greater than 30 degrees, and 
comprising six simple components axially alined 
and air spaced apart, a diaphragm approximately 
in the middle of the objective having three of 
such components on either side thereof, the two 
outermost and the two lnnermost of such com- 
ponents being convergent whtlst the other two 
are divergent, the outer surfaces of the outer 
components and the inner surfaces of the diver- 
gent components and the surfaces of the inner 
components all being concave towards the dia- 
phragm, the sum of the equivalent focal lengths 
of the two convergent inner components 1ying 
betwe.en 1.SF and 2.6F where 1 ls the equivalent 
focal length of the whole objective, the arith- 
metic mean between the positive values of the 
radii of curvature of the outer surfaces of such 
inner components lying between .221 and .441, 
the materials of the components of the objective 
being iuch that 
(N÷N)/2÷.06> 
/4> (N+ND/2--.04 
where Ni N3 N4 N« are the mean .refractive in- 
dices of the materials of the convergent compo- 
nents and N2 N5 are those of the divergent com- 
ponents. 
14. An optical objective as claimed in claim 13, 
in which the arithmetic mean of the axial dis- 
tances between the outer surfaces of the conver- 
gent outer components and the inner surfaces of 
the adjacent divergent components lies between 
0.SF and .17P. 
15. An optical objective as claimed in claim 13, 
in which the arithmetic mean of the axial air 
separations between the divergent components 
and the convergent inner components and the 
arithmetic mean of the axial air separations be- 
tween the divergent components and the con- 
vergent outer components each lie between .01F 
and .1F. 

6 
16. An optical objective as claimed in claire 13, 
in which the outer surfaces of the divergent com- 
ponents are concave towards the diaphragm, the 
radii of curvature of such surfaces respectively 
5 lying between F/3 and 51 in the front hall and 
between 1/2 and  in the rear half of the objec--- 
rive, the arithmetic mean of the positive values 
of the radii of curvature of the inner surfaces of 
the divergent components lying between .llF 
10 and .251. 
17. An optical objective as claimed in claim 13, 
in which the inner surfaces of the outer com- 
ponents are concave towards the diaphragm and 
their radil of curvature lie respectively between 
15 F/3 and 51 in the front hall and between F/2 
and  in the rear hall, the arithmetic mean of 
the positive values of the radii of curvature of the 
two outermost surfaces of the objective 1Fing be- 
tween .181 and .31. 
20 18. An optical objective as claimed in claim 13i 
in which the arithmetic mean of the positive 
values of the radii of curvature of the inner sur- 
faces of the divergent components lies between 
.111 and .251, and that of the outer surfaces of 
2& the convergent outer components lies between 
.181 and .31. 
19. An optical objective as claimed in claire 13» 
in which the outer surfaces of the divergent com- 
ponents and the inner surfaces of the convergent 
3O outer components are concave towards the dia- 
phragm, the radii of curvature of such surfaces 
lying between 1/3 and 51 in the front half and 
between F/2 and  in the rear hall of the ob- 
jective. 
35 GORDON HENRY COOK. 
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